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Description 

The present invention relates to the preparation of inf ctiorwesistant materials for use on or within a 
human or animal body and more particularly to an improved method f preparing Infection-resistant mate- 
5 rials wherein antimicrobial agents, and preferably metal salts f antimicrobial ag nts, are Incorporated 
directly Int various polymeric materials, Including hydrophobic polymeric materials. 

Infection Is a common complication occasioned from any Injury, surgical procedure, or introduction of % 
foreign material, such as a prosthetic device. Into a human or animal body. Various techniques and means 
for alleviating Infection, such as topical application of antibiotics, systemic administration of antibiotics, and ^> 
10 maintenance of sterility of the operating surroundings, instruments, bandages, etc., are In common use. 
However, these techniques have not been particularly effective In preventing Infection associated with In- 
dwelling, or surgically Implanted, devices Intended to remain in the body, or In direct contact with the body, 
for an extended period of time. 

Prior patent applications for United States Letters Patent, now US-A-456 3485 and US-A-458 1028 
is assigned to the assignee hereof, discuss at length the problems associated with In-dwelling and surgically 
implanted devices wherein long-term Infection preventive abBIty Is desired. The aforementioned appli- 
cations for letters patent are hereby cross-referenced and their entire disclosures are Incorporated herein 
by reference. Briefly, the referenced patent applications are directed to the Incorporation of metal salts of 
sulfonamides or nalidixic acid derivatives and metal salts of nalidixic acid derivatives Into natural or synthetic 
20 polymeric materials by treating the polymeric materials with an aqueous solution or suspension of the anti- 
microbial agent In order to provide adequate absorption or adherence of the antimicrobial agent within the 
polymeric materials, they are preliminarily treated or coated with gelatin or albumin or a surfactant, such as 
tridodecylmethyl ammonium chloride. The materials created by the incorporation of the above referenced 
antimicrobial agents are ideally suited for body-Invasive uses such as vascular grafts, heart valves, bone 
25 and joint replacements, eta 

Prevention of infection in vascular reconstructive surgery, in particular, has been the subject of much 
study In view of the high mortality rate, or catastrophic effects, should infection occur. Typically, systemic 
antibiotics are administered and the graft site Is locally irrigated with an antibiotic solution. The graft Is also 
soaked In an aqueous solution of an antibiotic Immediately prior to Implantation. However, these techniques 
30 have not proven to be completely effective due to the brief residence of antibacterial agents at the Implan- 
tation site. Moreover, due to the ineffectiveness of known techniques, use of prosthetic grafts In contami- 
nated wounds of trauma victims is Interdicted due to lack of anti-bacteria! action at the graft site. 
Incorporation of antibiotics in the graft material, as discussed above, would yield a higher concentration of 
antibiotic agent at the graft site and would permit slow release of the agent to provide a prolonged concen- 
35 tration of antibiotic at the graft site. 

The common practice in the prior art is to bond the antibiotic to a coating on, for example, Dacron® 
poly-ester or polytetrafluoroethyiene (Teflon®) graft materials. Known coatings Include gelatin, albumin, 
graphlte-benzalkonlum chloride and catlonlc surfactants such as tridodecylmethylammonlum chloride 
(TDMAC). In fact, it was heretofore believed that It was necessary to coat the hydrophobic materials (e.g., 
40 PTFE) In order to bond an antibacterial agent thereto. 

The coatings, such as TDMAC, present a catlonlc surface which bonds the anionic antibiotic. The anti- 
biotic is, nevertheless, rapidly dissipated in the body fluids. A certain amount of antibiotic, however, does 
remain In the coating until the coating dissipates from the substrate material. Adverse effects, such as 
toxicity and thrombogenesis, are possible. In particular, the catlonlc coating which Is present after the 
45 anionic antibiotic has been absorbed into the body may be thrombogenic. A further disadvantage of the 
coated grafts Is that they are Inconvenient to use. The manufacturers of such grafts provide them with the 
coating, but not with the antibiotic. Thus, the grafts must be soaked in an aqueous antibiotic solution at the 
operating table. 

It Is therefore the principal object of the present invention to provide an improved method for Incorporat- 
50 ing significant amounts of antimicrobial agents Into polymeric materials without the necessity of preliminarily ; v 
coating the polymeric materials with a carrier or a surfactant and for obtaining products having long-lasting 
antimicrobial effects and biphasic release of the antimicrobial agents. 

In accordance with the present invention, there is provided a method for preparing an Infection-resistant 
polymeric material for use on or within a human or animal body which comprises the following sequence 
55 of steps: 

(a) soaking a polymeric material with a solution of an antimicrobial agent dissolved in an organic solvent 
therefor, 

(b) soaking the polymeric material with an organic solvent for a metal salt, which metal solvent, If pre- 
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sent, reacts with the antimicrobial agent to form a metal-mediated antimicrobial agent, 

(c) resoaking the polymeric material with the solution of the antimicrobial ag nt dissolved In th organic 
solvent therefor, and 

(d) drying the polymeric material after each soaking step. 

5 Preferably, In the intermediate soaking step (b) the organic solvent contains a metal salt dissolved th - 

rein. 

The Intermediate soaking step (b) of the method of the present Invention Is particularly important Thus, 
It was found that the amount of antimicrobial agent which could be Incorporated into the polymeric material 
could not be increased merely by repeatedly or successively soaking the polymeric material with the solution 

10 of the antimicrobial agent dissolved In the organic solvent On the other hand, It was found quite unexpec- 
tedly that the amount of antimicrobial agant which can be Incorporated Into the polymeric material can be 
appreciably Increased by means of the Intermediate soaking step (b). It is believed that the intermediate 
soaking step (b) activates the surface of the previously soaked polymeric material so that It Is then receptive 
to the incorporation of additional antimicrobial agent by resoaking the polymeric material with the solution 

15 of the antimicrobial agent dissolved In the organic solvent Moreover, the intermediate soaking step (b) ser- 
ves as a means of converting In situ the antimicrobial agent soaked into the polymeric material Into a metal 
salt thereof, such as a silver salt thereof, which has longer lasting antimicrobial activity and blphaslc release 
characteristics, I.e., the antimicrobial agent Is released from the polymeric material rapidly at first and then 
followed by a slow, steady release over a prolonged period. 

20 In the above-described method of the present invention, the polymeric materials can be natural 
polymeric materials or synthetic polymeric materials. Including homopolymers and copolymers. Examples 
of suitable polymeric materials include polyamlde, polyester, polyethylene, polypropylene, polystyrene, 
polytetrafluoroethylene, polyurethane, polyvlnylchioride, cellulose acetate, silicone elastomers, collagen, 
silk. 

25 The polymeric materials can be knit or woven fabrics, single or plural filaments, laminates, extruded or 
molded Items, useable on or within a human or animal body, such as wound dressings, vascular grafts, 
catheters, sutures, skin buttons, synthetic heart valves, feminine hygiene products, cannulas, pacemakers. 

Any antimicrobial agent which Is compatible with a human or animal body can be used in the method 
of the present invention. Representative antimicrobial agents include norfloxacin, oxacillin, nafcillin, sul- 

30 fadiazine, pefloxacln, tobramycin, piromidic acid, plpemldic acid, enoxacln, AM-833, and cephalosporins, 
such as cefmenoxlme, moxalactam, cefazotin, cefamandote. 

Any organic solvent which solubilizes the antimicrobial agent can be used in the soaking and resoaking 
of the polymeric material with the antimicrobial agent solution. Typical suitable organic solvents include ace- 
tic acid, chloroform, ethanol, acetone, ether. 

35 The organic solvent used in the Intermediate soaking step (b) is one capable of solubtlizlng the metal 
salt Ethanol is typical of such useable organic solvents. 

Metal salts useable In the Intermediate soaking step (b) in the preferred embodiment of the Invention 
include silver nitrate, zinc nitrate, cerium chloride, and the like. As noted above, these metal salts, react 
with the antimicrobial agent in the soaked polymeric material to provide jn situ metal-mediated antimicrobial 

40 agents having long-lasting antimicrobial activity In the Infection-resistant polymeric material products 
obtained by the method of the present Invention, which products have the property of blphaslc release of 
the antimicrobial agent therefrom. 

Concentrations of the soaking solutions, soaking times, drying techniques and drying periods are not 
important features of the method of the present invention. Representative examples of such operating con- 

45 ditions are set forth in the Examples and Experiments hereinafter which are illustrative of the Improved 
method of the present invention and the results obtained thereby. 

Example 1 

so A polytetrafluoroethylene (PTFE) vascular graft (Gore-Tex, Registered Trade Mark) supplied by W.L 
Gore and Associates, inc., Maryland, was rendered infection-resistant by the following method : A 10 cm 
segment of a 5 mm diameter graft was soaked in a first solution containing 30 mM of norfloxacin for 5 
minutes. The norfloxacin solution was prepared by dissolving the norfloxacin In acetic acid and then diluting 
the acetic acid with chloroform to a 1 : 25 proportional mixture by volume. The norfloxacln-treated graft was 

55 then air dried. After drying, the graft was soaked in a second 25 mM ethanolic solution of sliver nitrate for 
5 minutes. The graft was air dried, preferably in the dark, and was resoaked in the first norfloxacin-contalnlng 
solution for another 5 minutes. The graft was again air dried to remove ail traces of solvent washed with 
distilled, delonlzed water to remove unbound norfloxacin from the surface, and dried In a vacuum desiccator. 
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The end result was a PTFE vascular graft Into which silver norfloxacin was incorporated. 

The above procedur was repeated, but oxacillin, nafclllin and pefloxactn were separately substituted 
for the norfloxacin to provide PTFE grafts Into which the silver salts of these three other antimicrobial agents 
were incorporated. 

5 The treated grafts were stored In th dark In a refrigerator until ready for use. Prior to In vrv use, the 
grafts may b sterilized with ethylene oxide In a manner well known to those f skill In the art 

Example 2 

10 The procedure of example 1 was followed using separately norfloxacin, oxacillin, nafcillin, pefloxacln 
and tobramycin as the antimicrobial agent, but with the exception that the second or Intermediate soaking 
solution was ethanol alone (i.e., there was no silver nitrate dissolved therein). The end result was In each 
case a PTFE vascular graft Into which only the antimicrobial agent, rather than the sliver salt thereof, was 
Incorporated. 

is All solutions in the above described Examples 1 and 2 were at room temperature (37°C). As pointed 
out previously, temperature and time of soaking are not critical, and can be modified for different organic 
solvent systems by those skilled In the art Moreover, It should be noted that the molar concentrations of 
antimicrobial agent and metal salt are given for the purpose of Illustration, and can also be varied by those 
skilled in the art, because they are greatly in excess of the therapeutically effective amount It is the ability 

20 to incorporate such a high concentration of antimicrobial agent at the potential site of Infection that Is a sig- 
nificant advantage of the present invention over the prior art 

Example 3 

25 A PTFE vascular graft of the same type as In Example 1 was Incorporated with silver sulfadiazine by 
the following technique : A 10 cm segment of the graft was soaked In a 30 mM solution of sodium sul- 
fadiazine at 37°C for 5 minutes. The sodium sulfadiazine solution was prepared by dissolving the sodium 
sulfadiazine In a minimal amount of water, and then mixing In a mixture of ethanol and chloroform In a 4 : 
1 proportional mixture by volume. The sulfadlazine-treated graft was air dried and soaked In a 25mM 

30 ethanolic solution of silver nitrate for 5 minutes at 37°C. 

The graft was air dried, re soaked In the sodium sulfadiazine solution, air dried, washed, redrled, and 
stored In the same manner as described above In Example 1. The end result was a PTFE vascular graft 
into which silver sulfadiazine was Incorporated. 

35 Example 4 

In another embodiment In the second or Intermediate soaking step of Example 3 the ethanol did not 
contain silver nitrate. The end result was a PTFE vascular graft into which only the sulfadiazine, rather than 
the silver salt thereof, was incorporated. 

40 

Example 5 

A Dacron® polyester vascular graft supplied by C.R. Bard, Inc., Implants Division, Billerica, MA, was 
incorporated with either silver norfloxacin or with oxacillin In accordance with the techniques set forth in 
45 Examples 1 or 2, respectively. 

Example 6 

The procedure for bonding an antibiotic to Dacron polyester grafts is similar to that described for PTFE 
so grafts. However, a slight modification of the procedure did Improve the efficacy of the graft Unlike PTFE 
grafts, Dacron polyester grafts tend to bleed through the small apertures between the knitted or woven 
threads. This can be reduced, if the graft Is prepared by the modified method which is as follows. The graft 
is soaked in the first antibiotic solution and then soaked in the Intermediate ethanolic solution. The third soak- 
ing is done in the original antibiotic solution containing a small amount of polylactlc acid, e.g., 5% by weight 
55 This permits formation of an antibiotic film around the graft. 
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Experimental results 

(A) The efficacy of bonding norfloxacin and oxacillin and the silver salts thereof to a PTFE vascular graft 
by prior art techniques, and by the procedure of the present Invention, Is shown below In Table I by the con- 
centration of the antimicrobial agent Incorporated on the PTFE sample and the antimicrobial activity of the 
sample In a blood culture. 

PTFE vascular graft samples were prepared by the bonding procedures of Examples 1 and 2 
hereinabove. In the Table I, "DIRECT" means that the sample was treated by the procedure of Example 2 
and "DIRECT + SILVER" means that the sample was treated by the procedure of Example 1. 

For purposes of comparison, tridodecylmethyl ammonium chloride (TDMAC) coated PTFE samples 
were prepared by soaking segments of PTFE vascular grafts In a 5% ethanoltc solution of TDMAC for 1 
hour at room temperature. The TDMAC-treated grafts were air dried for about 5 minutes and then soaked 
In an aqueous solution of the referenced antimicrobial agent TDMAC + SILVER" indicates that the anti- 
microbial-treated TDMAC samples were further soaked in an aqueous solution of silver nitrate. 

For further purposes of comparison, PTFE graft specimens were Incorporated with "Silver Alone" by 
soaking a PTFE sample or a TDMAC-coated PTFE sample in an ethanollc solution of silver nitrate. 
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The drug In the graft was extracted for the measurement by soaking In 1 : 1 proportional mixture of 
ethanol and normal saline containing 10 mM sodium hydroxide. The drug concentration on 2 cm segments 
of the treated PTFE graft specimens was measured spectrophotometrlcally at wavelengths of 273 nm for 
norfloxacin and 195 nm for oxacillin. The concentrations of antimicrobial agent, shown in Tabl I, are not 
5 absolute du to the method of measurement, but the relative uptake of the antimicrobial agents onto the 
graft is still shown. 

To measure the antimicrobial activity of the treated PTFE graft specimens, under simulated In vivo con- 
ditions, a 2 cm segment of each specimen was soaked for 24 to 48 hours In 5 ml of human blood which 
was innoculated with 10 7 Staphylococcus aureus organisms (a clinical isolate from the Columbla-Presbyte- 
io rian Hospital in New York City which Is coagulase positive and penicillin resistant). Due to the interference 
of blood, at the appropriate wavelengths, the spectrophotometric concentration of the antimicrobial agent, 
after soaking, could not be measured. The antibacterial activity of the graft segments was measured by 
spreading aliquots of the human blood culture on blood agar plates and performing a colony count after a 
24 hour Incubation. 

15 Table I shows that the DIRECT bonding technique caused the graft segment to bind a higher concen- 
tration of norfloxacin than the TDMAC technique. A higher concentration of oxacillin, on the other hand, was 
bound by the TDMAC method than by the DIRECT bonding technique. The highest concentration of bonded 
norfloxacin and oxacillin, however, was produced by the silver-mediated bonding (DIRECT + SILVER) whe- 
rein the stiver-antimicrobial agent was formed In situ. It Is Interesting to note that the amount of antimicrobial 

20 agent bonded to the TDMAC-coated grafts was not increased by the silver-mediated bonding (TDMAC ver- 
sus TDMAC + SILVER). 

It is also significant to note that other experiments showed that repeated or successive soaking of the 
graft specimens with a higher antimicrobial agent concentration or with longer soaking times, while omitting 
the Intermediate step of soaking the graft specimens with an organic solvent, did not increase the amount 

25 of antimicrobial agent uptake. However, the step of repeating the soaking In the first antimicrobial agent- 
containing solution, after intermediate soaking in the organic solvent (with or without a metal salt dissolved 
therein) did cause an increase in the amount of antimicrobial agent bound to the graft This shows the Import- 
ance of the Intermediate soaking step which Is believed to activate the surface of the graft specimen so as 
to accept more antimicrobial agent 

30 (B) Since the silver-mediated bonding Increased the uptake of antimicrobial agent the effects of other 
metals were investigated and the results are shown below In Table II. 

Uncoated PTFE vascular graft specimens were prepared according to the procedures of Examples 1 
and 3 with norfloxacin, oxacillin, nafclllin and sulfadiazine, respectively, as the antimicrobial agent in the 
first soaking solution. For comparative purposes, sliver nitrate, bivalent zinc nitrate, and trivalent cerium 

35 chloride were used as the metal salts In the second or Intermediate soaking solution. In Table II "None" indi- 
cates that the second or Intermediate soaking solution contained only ethanol and no metal salt per pro- 
cedures of Examples 2 and 4. 
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Radioactive silver ( 110 AgNO 3 ), zinc ("ZnfNOa)^, and cerium ( ia ceCl 3 ) were us d In the bonding pro- 
cedure. The antimicrobial agent in a 2 cm segment of each PTFE graft specimen was extracted In a 1 : 1 
proportional mixture f ethanol and normal satin containing 10 rnM sodium hydroxide. The concentration 
of the antimicrobial agents - norfloxacin, oxacillin, nafcQlin and sulfadiazine - were measured 
spectrophotometrically at wavelengths of 273 nm, 195 nm, 239 nm and 260 nm, respectively. As discussed 
abov , the concentration of antimicrobial agent In the bloods oaked graft specimens could not be measured 
spectrophotometrically. 

The antibacterial activity, under simulated In vivo conditions, was determined by the same procedure 
as described above in connection with the experiment of Table I. In this particular experiment, antibacterial 
activity was tested in human blood cultures which were Inoculated with 10 4 and 10 7 organisms, respectively, 
of Staph, aureus. 

The data in Table II, like that In Table I, show that the metal-mediated bonding of the antimicrobial agents 
to the PTFE graft specimen increased the drug concentration therein. Reference to Table II also shows that 
there may be a relationship between the amount of norfloxacin bound and the valence state of the metal ; 
the trivalent cerium binding the highest amount of norfloxacin. However, In the cases of the other antimi- 
crobial agents tested, the amount of antimicrobial agent bound did not vary significantly with the metal used. 
This could be due to the fact that, unlike the metal salts of norfloxacin, the zinc and cerium salts of oxacillin, 
nafcillin and sulfadiazine, are more soluble In the organic solvents used In the bonding procedure, and there- 
fore, may have been diffused out of the PTFE graft specimen during the bonding procedure. 

(C) The relative stability of the various antimicrobial agent and metal-antimicrobial agent complexes, 
bonded to the PTFE vascular graft specimens prepared In connection with the experiment of Table II, In 
the presence of (1) normal saline and (2) blood, was determined. The results are shown on Table III. Seg- 
ments of the treated PTFE graft specimen (2 cm in length) were irrigated by forcing 40 ml of normal saline, 
or 40 ml of human blood, through the graft segment with a syringe. The antimicrobial agent concentration 
levels and antibacterial activity were measured by the same techniques described above in connection with 
Table I. The sulfadiazine grafts were active only against 10 4 Staph, aureus, whereas all of the other grafts 
were active against 10 7 Staph, aureus. 
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As can be seen from the data In Table III abov , saline Irrigation caused I ss of antimicrobial agent In 
the norfloxacin-treated grafts, Irrespective of whether th norfloxacin was bonded with, or without the metal. 
However, the metal-norfloxacln treated graft specimens retained a higher level of norfloxacin. While the vari- 
ous metals bound different amounts of norfloxacin Initially, approximately Identical amounts of norfloxacin 
6 were retained after saline Irrigation. 

Thus It appears that the metals induce both a stable and a labile binding of the norfloxacin. This diffe- 
rential binding pattern Is desirable, since the metal norfloxacin complex, which dissociates rapidly, can pro- 
vide an Increased local concentration, while the tightly bound part may permit a steady, prolonged drug 
release at the graft site. 

10 With respect to the other antimicrobial agents tested, silver-treated specimens retained a higher amount 

of antimicrobial agent upon saline Irrigation than specimens treated without the metal, and indeed, retained 
the highest concentration of antimicrobial agent among the various metals. It appears that the use of other 
metals, such as zinc and cerium, may increase the uptake of antimicrobial agent Into the polymeric material 
(PTFE) as shown In Tables II and III, but does not increase the retention of antimicrobial agent In the pre- 

15 sence of normal saline A possible explanation for this may be that the metalantlmlcroblal agent complexes 
of zinc and cerium are more soluble In body fluids than Is the silver complex. 

(D) In regard to table IV below, long-term stability of the treated PTFE vascular graft samples under In 
vivo conditions, where the graft is constantly exposed to circulating Wood, was simulated by soaking aT 
cm segment of each of the various treated graft samples in 5 ml of human blood, which was agitated in a 

20 37°C water-bath shaker over a period of 10 days. The blood was changed dally. The antibacterial activity 
of the graft samples, at various time intervals, was tested by incubating the samples In nutrient broth culture 
containing 10 4 Staph, aureus organisms for 24-48 hours. Aliquots of the nutrient broth culture were spread 
on blood agar plates, and a colony count was taken after 24 hours of Incubation. 
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The results In Table IV above Indicate that metalmediated bonding Is mor effective In prolonging the 
antibacterial activity f the treated graft specimens. 

(E) An In vjvo test was performed to show the antimicrobial agent retention and antibacterial activity of 
Dacron® polyester vascular graft sp cimens retrieved after Implantation In dogs. Radioactive sliver 
norfloxacin ( 110 AgNF) was bound to segments of Dacron® grafts by Incorporation therein from an aqueous 
solvent, by Incorporation therein from an organic solv nt as d scribed hereinabove In Example 5 ( with the 
aid of a TDMAC coating, and with the aid of an albumin coating. 

Five grafts of each type were implanted In the canine Infrarenal aorta and retrieved 20 minutes after 
deciamplng and 10 minutes after graft pore bleeding had ceased. The fraction of antimicrobial agent remain- 
ing In the graft (1 cm segment) was determined by standard radiotracer techniques. Antibacterial activity 
was determined, in the same fashion as In the prior experiments, using a 1 : 1 proportional mixture of nutrient 
broth and blood containing 10 7 Staph, aureus organisms. The results are shown below In Table V. 
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These results In Table V above show that silver norfloxacin has a high degree f retention by uncoated 
Dacron® polyester graft when the organic solvent technique of the present Inv ntlon is applied. Moreover, 
the treated grafts wer able to suppress bacterial growth even In canine blood circulation. While the Initial 
concentration f th antimicrobial agent In the Dacron® polyester graft sampl s bound by the novel organic 
solvent technique herein described was not quite as high as that bound with TDMAC coating t chnlque, 
neverthel ss the antlbact rial activity of the graft was stilt r tained. 

(F) A further In vivo test was performed to show the long-term stability and antibacterial activity of treated 
Dacron polyester vascular graft specimens retrieved one week after Implantation in dogs. 

1 cm segments of Dacron® polyester vascular grafts were Implanted In the abdominal aorta of three 
dogs and challenged with 0.5 x 1 0 7 Staph, aureus. After one week, the grafts were retrieved and the number 
of bacteria In the grafts was determined as hereinabove. The results are shown below In Table VI wherein 
the control graft did not contain an antimicrobial agent and the oxacid in-treated and silver norfloxacin-treated 
grafts were prepared in accordance with the bonding procedure of Example 5. 



TK3LE VI 

No. of Bacteria in Gr&ft after Retrieval 
Type of Graft Doc 1 Doc 2 pec 3 

Octroi 100,000 1,000,000 10,000 

Oxacillin go 62 BA 

Silver Norfloxacin 100 320 220 



The data In Table VI above show that the treated grafts, In contrast with the control grafts, exhibited 
low bacterial growth when tested after a week of In vivo canine blood circulation. 

(G) Additional in vivo experiments were run to determine the long-term stability and antibacterial efficacy 
of PTFE vascular grafts bonded with a variety of antimicrobial agents In rat muscle pouch. 

Sprague-Dawiey rats that weighed 220-250 gm were housed in Individual cages. At operation a 2 cm 
incision was made In the medial aspect of the thigh and a pouch was created by blunt dissection In the 
abductor muscle. Six segments (2 cm length) of PTFE graft, one in each group were then placed in the mus- 
cular pouch and Infected with 0.1 ml of Staph, aureus culture containing 10 8 bacteria. After one week, the 
grafts were removed and bacterial counts were determined as hereinabove. The results are shown In Table 
VIIA below wherein the control graft did not contain an antimicrobial agent ; the oxacillin, norfloxacin, pef- 
loxacln and tobramycin grafts were prepared by the bonding procedure of Example 2 ; and the silver oxacil- 
lin, silver norfloxacin and sDver pefloxacin grafts were prepared by the bonding procedure of Example 1. 



TABLE VIIA 



Group 

Control Graft 
Oxacillin Graft 
Silver Oxacillin Graft 
Norfloxacin Graft 
Silver norfloxacin Graft 
Pefloxacin Graft 
Silver Pefloxacin Graft 
Tobramycin Graft 



No. of Bacteria Colonies 
Graft-Bed 



Graft 
100,000 



100,000 



10 


20 


15 


30 


20 


50 


10 


25 


0 


0 


0 


0 


0 


0 
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The data in Table VHA above show that the grafts treated with a variety f antimicrobial agents and 
silver salts thereof, unlike the control graft, were able to suppress bacterial growth In this In vivo rat exper- 
iment 

The data in Table VIIB below show the drug retention in PTFE vascular grafts retrieved from an unin- 
fect d rat muscle pouch after 1-5 days of Implantation. Th oxacillin and pefloxacin grafts were prepared 
by the bonding procedure of Example 2, while the silver oxacillin and sliver pefloxacin grafts were prepared 
by the bonding procedure of Example 1. 



Drug Retention 
Expressed as Antibacterial Activity 

(No* of colonies in culture and rones of inhibition) 

bays of 

Inplantation - 1 2 3 A S 



Prog in Graft 



Oxacillin 


0 


(37) 


0 


(35) 


D 


(30) 


10 4 


(23) 


10 4 


( 0) 


Silver Oxacillin 


0 


(37) 


0 


(35) 


0 


(28) 


10 1 


(33) 


10 2 


(17) 


Pefloxacin 


0 


(38) 


0 


(35) 


0 


(33) 


10 1 


(33) 


10 4 


(14) 


Silver Pef loxaciii 


0 


(38) 


0 


(35) 


D 


(34) 


0 


(35) 2x1 0 2 


(30) 



Figures in brackets are zones of inhibition 

In Table VIIB above, the figures In parentheses are zones of inhibition in mm. After various intervals of 
implantation In the rat muscle pouch, the grafts were retrieved and the antibacterial activity tested against 
10 7 Staph, aureus grown In 5 ml blood. The zone of inhibition was measured against 10* Staph, aureus 
spread on blood agar plate. 

(H) Silver norfloxacin (AgNF) and silver pefloxacin (AgPF) were bonded to two types of Foley catheters 
by the method of the present invention. 

8 mm pieces of catheter were soaked for 3 minutes in 30 mM pefloxacin or norfloxacin solution In a 1 : 
25 by volume mixture of acetic acid and chloroform. After removal, they were air dried for 1 0 minutes and 
soaked In 25 mM silver nitrate solution In ethanoi for 5 minutes. After air drying, the catheters were resoaked 
In the original pefloxacin or norfloxacin solution for 3 minutes. The pieces were air dried and tested for anti- 
bacterial activity as hereinabove. 2 cm pieces were suspended In urine containing 10 4 bacteria. The results 
are shown In Table VIII below. 



TftELE VIII 



Silicone Elastomer Catheter 



Drug in 
2 cm Piece 
p mole (mg) 

Ag(NF 0.8 (0.22) 0 

AgPF 1.0 (0.3) 0 
Untreated Control 10 4 



Colony Counts 

in Culture 
Staph, 
aureus 



Ps. 
aer. 

0 

0 
10 4 



Hydrophilic latex Catheter 



Drug in 
2 cm Piece 
V mole (mg) 



AcjNF 0.9 (0.28) 

AgfPF 1.0 (0.45) 
Untreated Control 



Colony Counts 

in Culture 
Staph. pi". 
aureus aer. 

0 0 

0 o 



10* 



10* 
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10 



20 



The data in Table VIII above show that the method of the present Invention can be used satisfactorily 
in Imparting Infection resistance to catheters made of differ nt polymeric mat rials 

(I) Slly r sulfadiazine was Incorporated Into sutures (Ethlcon-Black braided Ilk and 0 Dexon P Ivo- 
lycolic) using the following procedure. ya 

2 ml of 300 mM sodium sulfadiazine were mixed.with 6 ml ethanol and 2 ml chloroform (final cone of 
sodium sulfadiazine 60 u mole/ml). 60 cm pieces of the suture were soaked in the above solution for 30 
minutes, removed, blotted dry and soaked in an ethanollc solution of silver nitrate (50 it mole/ml) for 5 
minutes. After removing and blotting off excess fluid, the suture was resoaked In the original sodium sul- 
fadiazine solution for 30 minutes. The suture was dried and tested for drug content and antibacterial activity 
against 104 org anlsm in 5 ml broth. The results are shown In Table IX below. 

rmz IX 

Concentration of % 

Drug Antibacterial Activity 

Suture y mole fnc) ?s. aeruginosa Staph.**™* 

SilX (25cm) 1.1 (0.4) Bacteriocidal- Bacteriocidal 

Polyglycolic (25cm) 1.7 (0.6) Bacteriocidal Bacteriocidal 



25 



$0 



35 



40 



45 



factori y In Imparting Infection-resistance to sutures made of different polymeric materials 
ousa«^ 

to bind more antibiotic than the PTFE graft (See Table I) and also exhibit high antibacterial activlt/ 



Grafis Bonded with 
None (Control) 
Norfloxacin 
Silver Norfloxacin 
Oxacillin 
Silver Oxacillin 



TABLE X 



Drue Concentration 
(u aole/2 en craft) 

0 

8.0 
12.0 
10.0 
15.0 



Antibacterial 
Activity in 
Blooc Culture 
(Colonv Count) 



0 
0 
0 
0 



S Jh I«™ ™ ' , T^ 1 DaCf0n ® P ° IyeSter flraft wa3 • oatod in 5 m ' bl0 ^ staining 
Staph, aureus (W organisms) and Inoculated at 3rc. for 24 to 48 hours. Bacterial growth in the blood 
culture was measured by plating 0.2 mi aliquot of culture on blood agar plate 



Claims 



55 



hnn 1 " M m K 6th ° d 0f , preparin 9 an Infection-resistant polymeric material fbruse on orwlthln a human or animal 
body which comprises the following sequence of steps : or animal 

!hS^ 

(b) soaking the polymeric material with an organic solvent for a metal salt wich metal salt, if present, 
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react with the antimicrobial agent to form a metal-mediated antimicrobial agent, 

(c) resoaklng the polymeric material with the solution of the antimicrobial agent dissolved In the organic 
solvent therefor, and 

(d) drying the polymeric material after ach soaking step. 

2. A method according to claim 1 wherein in step (b) said rganlc solvent contains a metal salt dissolved 
therein. 

3. A method according to claim 1 or claim 2 wherein the metal of the metal salt Is selected from silver, 
zinc and cerium. 

4. A method according to claim 3 wherein said metal is silver. 

5. A method according to any one of the preceding claims wherein said antimicrobial agent Is 
norfloxacin, oxacillin, nafcillin, sulfadiazine, pefloxacln, or tobramycin. 

6. A method according to any one of the preceding claims wherein said polymeric material is polytet- 
rafluoroethylene, a polyester, a silicone elastomer, or silk. 

7. A method acording to any one of Claims 1 to 5 wherein the polymeric material Is a polyester and the 
polymeric material Is resoaked with the solution of the antimicrobial agent dissolved In the organic solvent 
therefor which contains polylactic acid In an amount up to 5% by weight of the solution. 



Ansprflche 

1. Verfahren zum Herstellen elnes Infektlonsbestandigen poiymeren Materials zur Anwendung auf el- 
nem Oder innerhalb eines menschllchen Oder tierischen K6rper(s) mit der folgenden Abfolge von Verfah- 
rensschritten : 

(a) TrSnken elnes poiymeren Materials mit einer LBsung eines antimikrobiellen Mittels, welches in ei- 
nem organischen Ldsemittel dafur gelost ist, 

(b) TrSnken des poiymeren Materials mit einem organischen USsemlttel fur eln Metallsalz, wobel das 
Metallsalz, falls vorhanden, mit dem antimikrobiellen Mittel reaglert, urn eln metallvermltteites antiml- 
krobielles Mittel zu bilden. 

(c) emeutes TrSnken des poiymeren Materials mit der Lfisung des antimikrobiellen Mittels, welches In 
dem organischen LSsemittel dafur gelost 1st, und 

(d) Trocknen des poiymeren Materials nach Jedem Trankschritt. 

2. Verfahren nach Anspruch 1, wobel In Schritt (b) das organlsche LSsemittel eln darin gelfistes Metall- 
salz enthStl 

3. Verfahren nach Anspruch 1 oder 2, wobel das We tall des MetaJIsalzes aus Silber. Zlnk und Cer aus- 
gewflhlt wird. 

4. Verfahren nach Anspruch 3, wobel das Metall SRberlst. 

5. Verfahren nach einem beliebigen der vorhergehenden Ansprflche, wobel das antimikrobielle Mittel 
Norfloxacin, Oxaciliin, Nafcillin, Sulfadiazin, Pefloxacin oder Tobramycin ist. 

6. Verfafren nach einem beliebigen der vorhergehenden Ansprflche, wobel das polymers Material Poly- 
tetrafiuorethylen, eln Polyester, eln Silicon-Elastomer oderSeide ist 

7. Verfahren nach einem beliebigen der Ansprflche 1 bis 5, wobel das poiymere Material eln Polyester 
ist und das poiymere Material erneut getrfinkt wird mit der Ldsung eines antimikrobiellen Mittels, welches 
in einem organischen L6semittel dafur geI6st ist, welches PolymHchsSure in einer Menge von bis 5 Gew.-% 
der LSsung enthSIt 



Revendications 

1. Precede de preparation d'un materiau poiymere resistant aux contaminations pour I'utillsation sur 
ou dans un corps animal ou humaln qui comprend les sequences d'6tapes suivantes : 

(a) le trempage d'un materiau poiymere avec une solution d'un agent antimlcroblen dissous dans un 
solvant organ Ique, 

(b) le trempage du materiau poiymere avec un solvant organique pour un sel metallique lequel sel 
metallique. s'il est present, reaglt avec i'agent antlmicrobien pour former un agent antimlcroblen qui est 
Influfi par le metal, 

(c) le trempage a nouveau du materiau poiymere avec la solution de I'agent antimicrobien dissous dans 
le solvant organique, et 

(d) le sechage du materiau poiymere apres chaque 6tape de trempage. 
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2. Proc6de selon la revendication 1 oCi l'6tape (b) dudit solvant organlque contient un sel mfitallique 
qui y est dissous. 

3. Precede selon la revendication 1 u 2 ou le melal du sel m£tallique est cholsl parmi I'argent, le zinc 
et I cerium. 

5 4. Proc6de selon la revendication 3 ou ledit metal est de Targe nt 

5. Proc6d£ selon Tune quelconque des prec6dentes re vendi cat Ions ou ledit agent an tlmicroblen estde 
la norfloxadne, de I' oxacllllne, de la nafc9line, de la sulfadiazine, de la p6floxadne ou de la tobramycine. 

6. Procdde selon Tune quelconque des pr6c£dentes revendications ou ledit materiau polymere estdu 
polytetrafiuoroethylene, un polyester, un elastomere de silicone ou de la sole. 

10 7. Procdde* selon I' une quelconque des revendications 1 a 5 ou le materiau polymere est un polyester 

et le materiau polymere est trempd a nouveau avec la solution de I' agent antimlcroblen dissous dans le 
solvant organlque de ce!ul-cl qui contient un aclde polylactfque dans une quantity jusqu'a 5% en polds de 
la solution. 



19 



